We evaluate the welfare impact of changing VAT on food in a context in which households can produce home meals for own consumption that compete with meals served in restaurants. Home production of meals requires the combination of food and time as inputs. The fiscal treatment at home production of both the inputs and the final product differs from that in the market production of meals generating different channels of inefficiency. We calibrate to the Spanish economy a simple general equilibrium model that identifies three types of consumers according to their income and simulate the effects of some experiments related to how food is taxed. The results suggest that focusing in aggregate welfare misses important distributional issues. We also present some caveats to previous simulation results on aggregate welfare that are related to the importance of the elasticity of substitution between food and time in household production of meals.
Introduction
The seminal idea of Becker (1965) and Gronau (1977) considering households behaving as enterprises using time to produce commodities for own consumption has influenced different areas of economic analysis (see Gronau, 1997 for a survey). In public finance, an accurate measure of household production in the economic structure is basic for tax policy analysis. Thus, the welfare impact of different taxes depends on how different households combine unpaid work, capital and intermediate goods to produce goods and services ready to be consumed. The empirical importance of household production for the theory of optimum tax policy has been discussed in previous studies. Examples are Boskin (1975) , Sandmo (1990) , Kleven et al (2000) , Anderberg and Balestrino (2000) and Kleven (2004) , whereas numerical simulations quantifying the effects have been exploited by Piggott and Whalley (1996) ; Piggott and Whalley, (2001) and Iorwerth and Whalley (2002) .
However, the bulk of the existing empirical literature that integrates taxes and household production focuses on pure efficiency aspects and a representative consumer, sidestepping distributional issues, or reducing them to the bare minimum; e.g Piggott and Whalley (1996) -households with and without children-; Anderberg and Balestrino (2000) -low ability and high ability-and Piggott and Whalley (2001) -rich and poor-.
In this paper we use numerical simulations from a general equilibrium model to illustrate both efficiency as well as equity effects related to possible changes in VAT rates applied to restaurants and food in Spain. VAT in Spain was introduced in 1986 but the legislation has undergone several modifications since then, the last big reform taking place in 1995. As a consequence, at present VAT is levied at three rates in Spain: a general rate of 16%, a low rate of 7% (that affects, among others, restaurants) and a very low rate of 4% (that affects, among others, some kinds of food). Since the sixth directive in 1977 certain steps have been taken towards harmonizing value added tax in the European Union so that the future legislation in the member states related to VAT should conform to the different directives of the European institutions. In 1996, the European Commission proposed a programme to establish a definitive VAT system. In 2001, a Commission report provided possible guidelines to be followed in the medium term for the harmonization of reduced VAT rates.
The proposal consists of establishing a minimum general rate of 15% and two reduced VAT rates to be applied to a set list of goods and services: one reduced rate around the 5% mark and another super-reduced rate that is not specified, for those goods and services which, for historical or economic reasons, require differential treatment. Restaurants did not appear in either list, although food was included. However, in 2003, a directive proposal included restaurants in list H, allowing member states to implement a reduced rate to restaurant services.
The model considers both the market production of meals by restaurants, as well as the preparation of food at home. Restaurant production -the meals served there-compete directly with the meals produced by households themselves, the VAT the latter pay on food being a significant part of production costs. Both households and restaurants use labor and food to produce meals, but the fiscal treatment of the two types of production is very different. In first place, restaurants can deduce the VAT levied on the food they purchase, while the household production of meals, as it is not a market activity, must bear the full amount of VAT that is levied on food. In second place, restaurants must include VAT in their invoices for the service offered, whereas the meals produced by households are exempt. Finally, households must pay a part of the revenue generated, in the form of income tax, through dedicating part of their available time to market activities. There are, therefore, two sources of distortion in the fiscal treatment of the production of meals that generate inefficiency. One type of distortion refers to the different fiscal treatment of goods of very similar characteristics: homemade meals and those produced by restaurants.
Another distortion is due to the inputs required for the production of homemade meals (labor and food) receiving different fiscal consideration.
Under the equal yield premise by making food exempt from VAT, the distortion between inputs used in household production is eliminated, but the distortion between market and household production is widened. A decrease in the VAT charged by restaurants, on the other hand, reduces the distortion between market and non-market goods, but widens the gap between the fiscal treatment of food and labor in the household production of meals.
In both cases, the theoretical effect on efficiency is ambiguous. The simulation results by Iorwerth and Whalley (2002) nevertheless suggest that an increase in VAT on food and a reduction in VAT on restaurants would improve the efficiency of the current tax system and would lead to gains in global well-being. As we show below, these results are very conditional to the elasticity of substitution between food and time in the household production of meals.
Generally speaking, an increase in the VAT levied on food and a reduction in the VAT applied to restaurants could have adverse effects in terms of redistribution, as those households that are economically most disadvantaged would be penalized, due to the fact that they have more meals at home than in restaurants. Below, in this paper, we divide the consumers into three groups according to their income level to deal with the economic incidence of a tax. Related to this, we also explore how an increasing inequality affect the election of the amounts of time and food devoted to prepare meals at home.
The paper is organized as follows. In Section 2 the basic model is presented. Section 3 explains the calibration of the model. In Section 4 the results of the different tax policy experiments are offered, including the replication of Iorwerth and Whalley experiments, efficiency and optimal taxation for Spain and some tax incidence considerations. Finally, Section 5 summarizes the paper and suggests future follow-ups to this line of research.
The model
The model is similar to that of Iorweth and Whalley (2002) -IW henceforth-and Kleven et al. (2000) , but we write it as a decentralized equilibrium problem because it makes the model suitable to easily accommodate more than just one consumer. In the model the subscipt j stands for the production sector, with j=1 representing the market activities different from restaurants, j=2 reflecting the restaurants sector and j=3 standing for household production of meals. The subscript h represents the type of household, with h=1 for the lowest income households, h=2 for the middle income hoseholds and h=3 standing for the highest income households. Technology and preferences are represented by CES production and utility functions.
Each sector can use labor ) (L and food ) ( A to produce output:
We assume that market production different from restaurants only uses labor, that is
and hence:
The production from each sector is sold to the different types of households. Households derive utility ) (U from leisure and a composite made of other goods and services ) (W :
The composite W is made up of market goods and a composite ) (S of meals:
where S in turn is the composite of market meals and home produced meals:
There is a transformation function that takes aggregate resources (total time endowment, G ) and produces aggregate food or total time for labor and leisure. This assumption is a simple way to obtain a supply function for food:
The exogenous variables are the time endowments of each households, the indirect tax rates on the consumption of final market goods, restaurant services and food, the tax rate on labor income, and the transfers from the government to each household. The endogenous variables, which mainly consist of the production of market and non-market goods, the supply of labor, the utility levels, and the prices, all are solved from the 36 equations of the model, including zero profit conditions, market clearing conditions, definitions, income balance and a macro closure rule stating that the government returns all the tax income to households. A detail of the equations, together with a definition of the parameters, exogenous variables and endogenous variables can be found in the Appendix.
The data
The model is calibrated in such a way that its very solution, for a parameter vector, coincides with the benchmark equilibrium represented by the Spanish economy in 1995.
To do that, we need to characterize, in addition to the market economy, the production of services provided by households through unpaid work. The estimate of time spent on preparing meals at home, as well as the food inputs used in this production is available in the extended social accounting matrix (ESAM-95) for the Spanish economy. The core of the market side of this data set is the last available Input-Output Framework (IOF-95) of National Accounts for Spain. However, in order to establish the correspondence between the income of factors and the different types of households, information from the European household panel survey (ECHP) has been used, whereas the distribution of consumption by household type is obtained from the Spanish household expenditure survey. Also, to estimate the working time at home data from a survey on the use of time provided by the Spanish Women's Institute has been used (see Uriel et al, 2005 , for more details).
This information, nevertheless, requires some adjustments to adapt it to the simplified model presented in this paper. The resulting data set can be consulted in Table 1 {Insert Table 1} Rows represent "income" and the colums "expenditure". The total for each row coincides with the total for each column, which is a requisite of the equilibrium. For example, the first column ventures that the Spanish poorest households spent 593 billion pesetas in restaurants and prepared meals at home worth more than 6 trillion. Leisure worth almost 40 trillion pesetas was also consumed. As can be seen from the first three columns, there is a positive relationship between market consumption and income that disappears as soon as home production is involved. Overall, nearly seven trillion pesetas worth of food and almost 12 trillion pesetas worth of household labor were used in the home production of meals. The effective tax rates corresponding to the initial information which can be deduced from the data are as follows: 1 t = 0.1091; 2 t = 0.0713; a t = 0.0652; l t = 0.1275.
As all the functions used are of constant elasticity of substitution type, the only parameter that needs to be specified with information not contained within the Table 1 is the elasticity of substitution. In Table 2 the initial elasticities of substitution used for the different levels of production and utility functions in the different experiments are presented. These elasticities are borrowed from IW.
{Insert Table 2} A high transformation elasticity is chosen to make certain that the food supply curve (ε) has a high price elasticity. The substitution difficulties between labor and food in the household production of meals (σ H ) and in restaurants (σ R ) are supposed to be identical, and this fact is captured by a very low elasticity. A reduced wage elasticity is also assumed for the market labor supply (σ L ) , while the substitution possibilities in consumption between meals and other market goods (σ M ) are slightly lower than if a Cobb-Douglas type utility function were used.
Numerical simulations
In this section we pursue three objectives. First, we replicate some of the IW results for
Canada. IW show that extending the sales tax to cover food leads to welfare gains and that an optimal tax scheme involves a higher tax on food than on other goods. With one input good and one consumption good, Anderberg and Balestrino (2000) demonstrate that the input good should be taxed at a higher rate than general consumption if the degree of complementarity in household production is larger than the degree of complementarity in consumption. We confirm that the more general IW results also depend on the elasticity of substitution between food and time in the household production of meals, coming to be the opposite when the elasticity is high enough. Secondly, we move to the Spanish data and simulate the effects on efficiency and equity of different fiscal experiments. The theory of taxation deals with the problem of levy taxes to enhance economic efficiency and to contribute to a fair distribution of resources. At this point we enlarge the number of consumers to three groups and explore to what extent focusing only in a representative consumer would hide important distributional issues. Finally, we study the effect of changes in the technology and the distribution of income in household production, depending on the initial amount of taxes in the economy.
Replicating the IW results
As a touchstone for checking the performance of the written model we first replicate the base case simulations of Iorwerth and Whalley (2002) for Canada, so we have recovered from the information in their paper the implicit SAM that we can use to calibrate the equations of our model, after reducing the consumers to just one representative consumer.
Besides the focus on a representative consumer, other differences with respect to the Spanish case we analyze latter are that the Canadian base case equilibrium includes a pre-existing tax on market goods (including restaurant meals) of 15% and that, unlike the Spanish data, there is no tax levied on food for home use. Neither does it include a preexisting income tax.
We first replicate the base case experiment of IW by means of our decentralized characterization of the economy. The experiment consists of raising an equal yield VAT rate on food, when the Canadian economy initially has no tax levied on food for home use.
A comparison of our results with those offered by IW is shown in Table 3 . Both sets of results are essentially the same. However, we do not know the exact deflator used by IW in the equal yield rule so we have taken the expenditure function as the reference and this may be the cause of the very small differences detected.
{Insert Table 3} The results suggest a small welfare gain when the food exemption is terminated. The restaurant meals consumption increases and the home meal provision decreases. Both the food price and the restaurant meals price fall. The equal yield tax rate also falls to 13.4%, as compared to 15% in the food exemption base case. The optimal rate on food is much larger than the general rate, because it compensates for the fact that home meals are free of sales tax. A key argument for these results to hold is that the elasticities between food and time in household production (σ H ) and market production (σ R ) are identical and very low, to reflect the difficulty of substituting between food and time, relative to that between home and restaurant meals. This reflects the intuition that complements of time use should be more heavily taxed (Sandmo, 1990; Anderberg and Balestrino, 2000) .
However, the sensitivity results for (σ H ) confirm that as the value of the elasticity goes up, the welfare gains disappear and the optimal tax rate on food, although positive, can be lower than the average tax rate on market goods. This caveat should be taken seriously, because a higher elasticity of substitution between food and time in the elaboration of meals may be plausible for some income segments of the population.
Fiscal experiments for the Spanish economy
Now we switch from Canadian to Spanish data as represented in Table 1 . In contrast to the previous Canadian results a pre-existing income tax has now been included that creates an additional channel of distortions. Another difference is the existence of three VAT rates in the benchmark because the VAT rate on restaurants is distinguished from the VAT rate on the rest of market goods and services. With all this information we calibrate our household disaggregated model and perform a set of sensible fiscal experiments, with special focus on efficiency and equity. In all the experiments, tax revenue remained constant in real terms.
The constant revenue rule used was included in the model through the following restriction:
where RTAX is the constant that represents tax revenue in the base year, ϑ is an endogenous variable that captures changes in indirect tax pressure and (7) is written is suitable for doing experiments related with exogenous variation in different tax rates that are offset by endogenous variations in the VAT rate on market goods and services other than restaurants. In some experiments, however, ϑ could multiply some taxes but not others, depending on which taxes we want to fit endogenously in order to keep revenue constant. Table 4 Tax analysis when household production is present has traditionally focused in the simple case of a representative consumer. However, a government may wish to sacrifice some efficiency in exchange for a more equitable distribution of income. Therefore an important question for tax policy making is the measure of the incidence of the tax, that is, the distribution of the welfare effects within a population. In fact, distributional and efficiency reasons work sometimes in opposite directions (see Auerbach and Hines, 2002) . A distributional theoretical framework when households can substitute away from market expenditures towards time spent in home production was sketched by Sandmo (1990) but has not found conclusive empirical support in general equilibrium computational techniques. Also Kleven et al (2000) emphasize the ambiguous implications that heterogeneity across households could have for the optimal taxation of services, due in part to the different weight of household production in high-income and low-income households.
We introduce household heterogeneity to illuminate the distributional fairness of the fiscal experiments by grouping households according to terciles of income, with the first tercile representing the lowest income group. The elasticities of substitution of the three groups are set equal to the ones of the representative consumer, the difference being in the factor endowment different and preferences yielding different combinations between leisure, market consumption and household production 1 . Comparing the aggregated welfare with the welfare for each type of household in Table 4 is clear a trade off between efficiency and equity in all the experiments. Now we will comment each experiment with more detail.
The first column deals with the food exemption case. This experiment is based on the experience of other countries whose fiscal system does not levy tax on food, as is the case of most of the US states, Canada, the United Kingdom and Mexico. The exercise throws some light on the debate over the convenience of introducing the exemption on food in Spain. Although the endogenous tax in most of this experiment is the tax on market goods, we have checked that these results are robust to the tax we use to compensate in the equal yield rule. The results show that the exemption of VAT on food in Spain would reduce aggregate well-being by an equivalent of approximately 50 billion pesetas. As a result of the change in taxation, household production of meals would increase by 1.8% and home time by 1.1%, but restaurant production of meals would drop by 1.5% and the total time allocated to market production would also fall. The disaggregated results for welfare indicate that this measure is strongly progressive, increasing the welfare of the households in the lowest part of the income distribution and worsening the richer households.
{Insert Table 4} In the second experiment (column B), effective VAT rates on food and restaurants are equal to a super reduced rate of 4%. According to the European Directive proposals this seems to be a plausible future scenario. In view of the fact that both rates in the benchmark are close to the one simulated, the detected effects on welfare are smaller than in the previous case, although a slight decrease in efficiency does seem to be confirmed. The restaurant production is the most benefited from this measure. However, labor for home and market production is reduced due to a substitution of food for labor, and also, for the market case, to a lower demand of "other market goods and services".
In third place, we set to zero the VAT rate on restaurant meals echoing the claims of the restaurants sector. In this case the effect on the aggregated well being is null. The labor supplied to the market increases slightly at the expense of a bigger fall in time devoted to home production. As a consequence of the reduction in the net price of restaurants this sector expands its production more than a 8.5%.
In the column D, the simulation sets a uniform VAT rate for all goods and services. The equal yield flat VAT rate for this simple version of the Spanish economy is shown to be about 10%. As a result of changes in prices, well-being increases by an equivalent of 7 billion pesetas with respect to the base case. While there is practically no effect on household production, the production of meals in restaurants falls by 2.4%, while the production of other market goods rises by 0.5 percentage points. This measure is shown to be regressive, increasing the welfare of the population in the highest part of the distribution of income.
The next experiment (column E) in Table 4 captures the effects of a 13% income tax cut, offset by an increase in all the effective VAT rates. A cut of 13% was considered because this is the estimated decrease in the average effective rate as a result of the last important income tax reform bill. Results show that this measure is pretty neutral in efficiency and creates little distortion in the production. The main beneficiaries of this measure are the rich households.
The above results are a consequence of isolated experiments that are reflected by the unique changes in certain exogenous parameters of the model related to taxes. However, it is also of interest, with the model at hand, to tackle the issue of optimal taxation. In column F we change the rate on food and offset by an equal yield VAT on both "other market goods and services" and restaurant meals to obtain the combination that maximizes welfare with respect to the initial situation. For this to be achieved the general equilibrium corresponding to the different VAT rates has been obtained and the response of aggregate well-being has been analyzed. Results indicate an optimal VAT rate on food of 0.78, much higher than the average tax rate on market goods. However, the optimal VAT on food would be strongly regressive in terms of the effects on different households.
Finally, in column G we increase the inequality in the distribution of income by augmenting the relative factor endowment of the richest with respect to the poorest by a 1% but holding constant aggregated income. The rise in income inequality overtime has been a fact in most of the developed economies and we ask what would be the prediction of the model in terms of household production. In this last experiment we hold constant all tax rates, so total tax revenues are allowed to change. Not surprisingly, according to the results, the increase in inequality would favour market production and reduce household production, because the market goods intensity in the demand of the upper part of the income distribution is higher. This result matches quite well the observed fact relating the increasing inequality overtime with a decrease in household production (see Hamermesh, 2006) .
Conclusions
Measuring the potential effects of fiscal reforms in the real-world with heterogeneity in the population and a variety of pre-existing distortions have been a recurrent subject in public finance. The numerical simulation techniques and, particularly, computable general equilibrium models, have contributed to bridging the gap between economic theory and real-world policy analysis. Household production theory has provided many interesting applications to the theory of taxation, but the implementation of the household production approach has not been addressed in a CGE model, due in part to the important statistical requirements implied, that can be condensed into the so-called social accounting matrices.
Recently we have been witnessing in Europe a renewed interest in social accounting matrices. One example is the Leadership Group on Social Accounting Matrices (SAM-LEG), which was born under the statistical requirements for the implementation of the third phase of the European Monetary Union and has prepared the guidelines for the construction of social accounting matrices (see SAM-LEG, 2003) . Another example is the first estimation of Tjeerd et al (2004) of a SAM for the euro zone.
The contribution of this paper has been twofold: there is a methodological contribution and there are some applications. In terms of methodology we illustrate how augmenting standard social accounting matrices to include household production increases the information available and widens the room for maneuver in economy-wide tax policy analysis. In the applications, we take as the story line the model of Iorwerth and Whalley (2002) replicating some of their results and confirming the key importance of the elasticity of substitution between time and food in the elaboration of meals at home. Then we take Spanish data enlarging the number of consumers and performing different tax policy experiments to establish some distributional results. We show that in most of the cases efficiency and fairness act in opposite directions, and that for the food exemption case, there is a decrease in total efficiency that however hides a gain for the lower part of the income distribution. Although the representation of the economy has been kept in a very stylized way, the paper aims to transmit the usefulness of extending the standard social accounting matrix framework to include the large amount of the household production of goods and services for own final use.
Some suggested follow-ups to this research are straightforward and aim at a more realistic representation of the economy, by means of the incorporation of capital and different intermediate inputs, both in the market and in the household production, the enlargement in the number of consumers, and the consideration of different household production functions with different technologies across households. The distribution of homeproduction skills across households has been pointed out by Anderberg and Balestrino (2000) as possible extensions of their framework. Also Kleven (2004) highlights the importance of combining consumption expenditures and time allocation to implement its inverse factor share rule. Extending social accounting matrices to include household production lays the foundations for all those issues to be feasible.
Appendix: Equations of the model
Zero profit conditions ( ) 
and therefore for the market sector we have: The income balance for the government and households satisfies:
Macro closure rules Table A3 below) {Insert Tables A1, A2 , and A3} 
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